PET imaging. The lesions were found incidentally. The 18F-FDG PET of Vienna, Vienna, Austria imaging was performed with a dedicated PET tomograph after intravenous injection of 300-370 MBq 18F-FDG. The 18F-FDG accumulation in the lesions was (semi)quantified by calculating the standardized uptake value (SUV) and SUV has been corrected for the lean body mass (LBM). Eight patients with liver metastases spread from melanoma (nΩ2) and colorectal carcinoma (nΩ6) served as controls. The size of the FNH lesions and of the control group ranged from 2.0 to 8.5 cm (mean 4.83 cm∫2.37) and from 1.5 to 6 cm (mean 3.28∫1.52), respectively. Results: While in malignant liver lesions the accumulation of 18F-FDG was significantly increased, all FNH lesions showed normal or even decreased accumulation of 18F-FDG. In FNH lesions, SUV ranged between 1.5 and 2.6 (mean 2.12∫0.38), whereas all liver metastases showed an increased SUV rang- PET is a new imaging method that has been successfully applied to image malignant tumors. While a large number of studies has been published in the last years about the usefulness of 18F-FDG PET in a variety of malignant diseases, the glucose metabolism of FNH in vivo has not been
Focal nodular hyperplasia (FNH) is a benign hepatic tumor usually discovered incidentally. The lesions are usually asymptomatic and occur mostly in females. In contrast to malignant liver lesions, FNH should be managed conservatively. A large number of imaging modalities have been used to diagnose FNH with variable success. Ultrasonography (US) can only be considered as a screening technique, since the appearance of FNH by US is non-specific. FNH may appear hyperdense or hypodense on computed tomography (CT) and a definite diagnosis of FNH may be challenging, especially if the lesions are small-sized (1, 2) . Contrast-enhanced MRI is the best imaging procedure 487 in the diagnosis of FNH if typical features of FNH are present (1) . Nuclear medicine procedures such as 99m Tc-sulfur colloid scintigraphy ( 99m Tc-SC) and trimethyl bromo-imino-diacetic acid (TBIDA) and hepatocyte-specific receptor ligand 99m Tc-galactosyl-neoglycoalbumin are other means of diagnosing FNH which have met with variable success (3) (4) (5) (6) .
PET is a new imaging method that has been successfully applied to image malignant tumors. While a large number of studies has been published in the last years about the usefulness of 18F-FDG PET in a variety of malignant diseases, the glucose metabolism of FNH in vivo has not been reported in great detail. To our knowledge, there is only one published study in the literature reporting on 18F-FDG features of FNH with a very small number (nΩ3) of patients (7, 8) . In the present study of eight histologically verified FNH, we describe the18F-FDG features of FNH, visually as well as (semi)quantitatively, using SUV and SUV LBM (9) .
Patients and methods
Eight patients (6 female, 2 male; mean age, 43.0∫14.6 years, Table 1 ) with histologically confirmed FNH were prospectively investigated with 18F-FDG PET. All FNH lesions were incidental ultrasonographic findings. Two patients with melanoma and six patients with colorectal carcinoma having liver metastases served as controls (7 male, 1 female; mean age 72.1∫4.0 years) All patients were imaged after fasting (except for water) for a minimum of 4-5 h. None of the patients had diabetes mellitus, and glucose serum levels were routinely measured before the administration of 18F-FDG.
488

Positron emission tomography
The 18F-FDG PET imaging was performed with a dedicated PET tomograph (GE Advance, GE Medical Systems, Wukesha, WI). The system yields 35 sections per FOV, axial slice thickness 4.25 mm. 18F-FDG was synthesized automatically using standard methods (FDG Microlab, GE Medical Systems).
Imaging protocol
After intravenous injection of 300-370 MBq 18F-FDG, a transmission scan was performed for 10 min per bed position, and a rotating germanium-68 rod source was used to create an attenuation map. The emission images were obtained for 10 min per bed position covering the liver region.
Image analysis
The images from PET studies were correlated with CT or MRI to provide an exact localization of the lesion. The PET studies were interpreted visually, and the 18F-FDG accumulation of the lesions was scored as follows: (I) less, (II) equivocal, and (III) more than normal liver 18F-FDG uptake. The 18F-FDG images were additionally (semi)quantitated by using the standardized uptake value (SUV) after manually drawing the region of interest (ROI) around the lesions which were localized by radiological means (CT or MRI). These ROIs were drawn over areas of maximum activity within the lesion. The SUV was calculated as follows: SUVΩ activity in ROI in becquerels per milliliter/injected dose in becquerels per weight in kilograms (8) . In addition, the SUV was corrected in all patients for LBM to avoid the overestimation of 18F-FDG uptake in heavy patients. LBM was calculated as 45.5π0.91¿(patient height in cm minus 152) for women and 48.0π1.06¿91¿(patient height in cm minus 152) for men (9) . The ROI for the normal liver area was drawn over a tumor-free area. In one patient (H.E.) no SUV was available because of technical problems. All 18F-FDG images were read independently by two experienced nuclear medicine physicians (A.B., A.K.). The only information that the observers had was the localization of the lesion. 
Results
Patient data are summarized in Tables 1 and 2 . All liver metastases in the eight control patients were readily seen on PET images; visually, there was an increased (Score III) uptake of 18F-FDG. In two out of the eight patients, the 18F-FDG accumulation in the FNH lesion was graded as a Score I (25%), whereas in the remaining six patients (75%) the accumulation of 18F-FDG was indistinguishable from the surrounding normal liver tissue (Score II). None of FNH patients (0%) had a Score III. Consequently, (semi)quantitative assessment of 18F-FDG uptake revealed a significantly higher SUV for liver metastases (10.07∫3.79) as compared to the SUV of FNH lesions (2.12∫0.38). The SUV LBM for liver metastases were (9.15∫4.03) also significantly higher than the SUV LBM of FNH (1.81∫0.41) ( Tables 1  and 2 ).
Discussion
In vivo studies of glucose metabolism using PET with 18F-FDG is a noninvasive technique clinically used to image a variety of malignant tumors (7, 8, 10) , since most malignant tumor cells have an increased glucose metabolism and increased glycolysis. The reason for the 18F-FDG accumulation in malignant tumor cells is due to low levels of glucose-6-phosphatase (G-6-P), leading to intracellular trapping of 18F-FDG. 18F-FDG uptake is, however, not necessarily specific for malignant tumors, since inflammatory processes may also demonstrate an increased 18F-FDG uptake. The 18F-FDG accumulation in inflammatory lesions is probably due to activation of macrophages (8) (9) (10) (11) . It has been shown that, in normal human cells, the relative G-6-P concentration depends on the tissue type. While the myocardium and the brain contain lower G-6-P levels, the normal liver, for example, has high G-6-P activity. Consequently, the clearance of 18F-FDG from normal liver cells is relatively rapid, leading to absence of higher uptake of 18F-FDG in the liver. In contrast, the liver metastases can be readily detected on 18F-FDG images showing hot spots due to lower G-6-P concentration. In hepatocellular carcinomas (HCC) a varying degree of 18F-FDG accumulation has been described which is also related to the activity of G-6-P of the HCC cells, depending on the degree of tumor differentiation. That means that a well-differentiated HCC may be similar to normal hepatocytes. As a result, the 18F-FDG features of well-differentiated HCC and normal hepatocytes may also be similar, and 18F-FDG may fail to detect HCC (8, 9, 11) . According to the literature, 30-50% of HCC demonstrate no 18F-FDG accumulation greater than the accumulation of the surrounding liver tissue (8) . FNH of the liver is considered by some to be a tumor-like lesion (2) that is mostly discovered incidentally. It has been speculated that FNH is a reaction to a vascular anomaly. It contains hepatocytes, bile duct elements, Kupffer cells, and collagenous tissue. Despite advances in imaging modalities, the definite diagnosis of FNH may create a significant problem, especially in a cancer patient, if radiological imaging modalities are not diagnostic. With liverspecific MRI contrast agents, the differentiation between hepatocellular and non-hepatocellular tumors has become feasible in most patients because liver-specific MRI contrast agents tend to be taken up into hepatocellular tumors, including FNH (12, 13) . However, It has been reported that an overlap may be present in the enhancement pattern between hypervascular malignant lesions and FNH and not all FNH may show the typical enhancement pattern on MRI studies, thus rendering a specific diagnosis difficult. A needle biopsy may, therefore, be necessary (1, 2, 6, 12, 13, 16). In our study, none of the FNH lesions showed high concentrations of 18F-FDG. This imaging finding of FNH by 18F-FDG PET appears to be in line with the histopathological structure of FNH. Hyperplastic, but non-neoplastic, hepatocytes, as in FNH, may cause an 18F-FDG accumulation comparable to that in normal hepatocytes. Therefore, it may speculated that FNH cells might contain lower levels of hexokinase activity and higher levels of G-6-P than normal liver cells (8-11, 14, 15) .
In conclusion, our results indicate that FNH of the liver is not associated with a increased glucose metabolism and that the 18F-FDG accumulation in FNH is no higher than in normal liver tissue. An 18F-FDG study can not be considered as a baseline-screening method for differential diagnosis of focal liver lesions; however, it may be of clinical relevance in patients with known malignancy if other imaging modalities including MRI are not diagnostic.
